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I. Statements of Problems

Research has been conducted in three major problem areas:

(1) Optimal control of dynamical systems under continuous and/or
impulsive random perturbations.

(2) Numerical solution of stochastic control problems.

(3) Applications of stochastic partial differential equations in physical
sciences.

In the period of three years ARO funding, we have emphasized our research
work in the first problem area. In this area we have investigated several
problems in singular and impulsive control problems which arise from applied
problems 1in opertion research and engineering sciences. In order to implement
the theory of optimal stochastic control, the numerical approximation scheme is
indispensible. We have initiated a research program in the second problem area.
The initial phase of investigation has been restricted to some optimal correc-
tion and optimal stopping problems. The third problem area has been our long-
standing research interest in stochastic partial differential equations and
their applications to engineering and physics. In this area we have studied in
stochastic inverse problems in wave radiation problems, the wave-travel time in
turbulent media, as well as the theory of stochastic partial differential equa-

tion.
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IT. Summary of principal results.

During the proposed period of investigation, a number of research findings
have been summarized in a series of semi-annual reports, which have been sub-
mizted periodically to ARO. Instead of repeating the previously reported
rasults, we will only outline the major results and refer the reader to the
citad papers, wherzs the details and other results may be found. The numbers
below correspond to the paper numbers indicated in the 1list of publications

given in the next section

(1Y, Sinmwlar stochastic control problems:

We iatroduced a powerful analytical method for solving this class of
problens by means of variational and quasi-variational inequalities. This ap-
proach, in contrast with the usual probabilistic approach, allows an extension
of one-dimensional results to higher-dimensional cases more easily. The papers
{3, 8, 12] deal with the singular stochastic control theory in one dimension.
Th2 rasults ara generalized to optimal corraction problems [9, 11, 19] in random

visritions in two dimensioas with full or partial observations.

(2). Control of diffusion processes with jumps:

To extend the range of applicability of stochastic control models the

evtarnal Jdisturbances are allowad to be random impulses in additon to the white

noisa. Analvtical method and solution of such problems are given in the papers

(2). Tmpnuls2 and other type oi contral problems:




)

"

. Some impulse stochastic control problems have been treated in [1, 16, 20].
Cd

o
': These problems arise commonly in the area of operation research. In the presence
X of some state constraints, one 1s lead to control of veflected diffusions.
8,
" Several mathematical questions are resolved in the paper [2].

o
b

$-

: (4). Numerical approximation in stochastic control problems:

"-_ -
-2 We have introduced a numerical algorithm for solving a certain type of
£ singular control problems in [l4, 18]. The method is an iterative scheme based
.~ .

- on a discret maximum principle. It applies to the degenerate diffusion problem
K

- as well. Furthermore, error estimate for the numerical solution for a stochastic
L}

control problem is treated in [l4, 22].

B

-

- (5). Stochastic PDE’s and applications:
- )
.j A general method is proposed for reconstructing the mutual coherent func-
'

: tion for a statle or moviag source from the random radiation data [4]. Several
'
k applications of stochastic differential equations to engineering science are
f: discussed in [3]. The statistics of travel-time for waves in turbulent media is
o

A3

o

I treated in [16,19]. Some theoretical aspects of stochastic PDE’s are studied in
L

S {3,221,
22
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ITI. List of Papers Published or Submitted under ARO Sponsorship

1. J.L. Menalii and . Robia. "On Some Cheap Control Problems for Diffusion
Processes™, Trans. AM.S., 278 (1983), pp. 771-802.

2. J.L. Menaldi, "Stochastic Variational Taequality for Reflected Niffusions”
Indiana Univ. Marh. J. 32 (1933), pp. 733-744.

3. P?.L. Chow and J.L. Menaldi, "™Method of Regularization for Second-Order
Stochastic Evolution Zguatioas:, J. Stoch. Analy. and Appl. 1 (1983), pp. 353-
375.

4, P.L. Chow, "Reconstruction of the Mutual Cohersznce Function for a Moving
Source', SIAM J. Appl. Math., 43 (1983), pp. 1439-1445.

5. P.L. Chow, "On some stochastic problems in Engineering Sciences", in Recent
Developments in Applied Mathematics, R.P.I. Press, (1983), pp. 31-43.

6. P.L. Chow, J.L. Menaldi and M. Robin, "Additive Control of Stochastic Linear
Systams with Finite Horizon", Proc. 23rd IEEE Conf. on Decision Control (1984),
pn. 1475-1473.

e J.L. Menali® and M. Robia, "On Siangular Stochastic Control Problems for

v

5.on wizh Juampos', {2Z2IZ Trans. Auto. Coatrol, Vol. AC-29(1984), pp. 911-

8. P... Chow and J.L. Menaldi, On the Control of a Linear Stochastic System

with Finize Horizon, Trans. Ist Army Confarence on Applied Math. and Computing,
ARO Report 34-1, (1983) pp 301-319.

9, P.L. Chow and J.L. Menaldi, 9ptimal Corractions of a Damped Linear Oscil-
lator undar Random Part .rﬁations, Trans. 2nd Aray Conf. on Appl. Math. and
Comput., ARO Reonr: 33-1, (1985), op. 149-153.

D JoLe Menalii o and M. Rodia, Oa Singular Stochastic Control Problems for

ai21 Junaps, [23Z Trans. on duromacic Control, AC-29 (1984), »p. 991-

le Jole Menaldi and M, Robin, 9n Ostinal Corraction Problems with Partial
»
Zormacio, Jo Stoech. Analv. and Apnlications, 3 (1985), pp. 63-92.
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2. 2.l Chow, J.L. Menaldi and M. Robiln, "Additive Control of Stochastic Linear
scems vith Fiaize dorizon™, SIaM J. Coatrol and Op:zim, 23 (1985), pp. 853-899
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13. P.L. Chow and J.L. Menaldi, »nn the nunmerical solution of a stochastic op-
timal c¢orr2azion orodlea, Tra
-~
31

as. 3rd Acay Conf. on Apnl. Math. and Comput., ARO
Reaors 38=1, (133~ na, S31-545,
for the ‘innerical Solution of 2 Stochastic Control

Cond. on Apnl. Mazth. and Comont., Ar> Report 86-1,

‘
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iig >3 ‘laves in Random Me:dia and Roagh Sarfaces,
cary PA. 713349) Lo app2Rar.
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16, J.L. Menaldi, Optimal Impulse Control Problem for Degenerate Diffusion with
Jumps. Acta Appl. Math., (1986) to appear

17. M.C. Bancora-Imbert, P.L. Chow and J.L. Menaldi, On the Numerical Approxima-

tion of an Optimal Correction Problem, SIAM J. Numer. and Statist. Comput.,
(1986), Submitted.
18. P.L. Chow, "Travel-time Problems for Waves 1in Random Media", Proc. IMA

Workshop on Random Media, Springer-Verlag (Submitted).

19. M. Sun and J.L. Menaldi, "Optimal Control of a Damped Linear Oscillator
under Random Perturbations", Appl. Math. and Optim., (Submitted).

20, J.L. Menaldi, "Optimal Impulse Control Problems for Degenerate Diffusions
with Jumps", Proc. Intern. Conf. on Nonlinear P.D.E.’s and Their Applications,
(Submitted).

21. P.L. Chow, Expectational Functionals Associated with some Evolution Equa-
tions, IMA Reprint series #235, Univ. of Minnesota, (April, 1986); Stochastic
PDE’s and Applications, Lecture Notes in Math., Springer Verlag (1986), to
appeat.

22, J.L. Menaldi, Probabilitic View of Estimates for Finite Difference Methods.
SIAM J. Control and Optim. (Submitted)
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ha IV. Scientific Personnel Supported by the Project and Degrees Awarded.
‘

_ During the reporting period, the following personnel has been
'

' supported by the ARO contract.

4

: 1. P.L. Chow ) 2 summer months x 3 (1982-85)
! (principal investigator)

o 2. J.L. Menaldi 2 summer months x 3 (1982-85)
i (co-investigator)

.

N There are no advanced degrees awarded under the ARO support.
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